Background: Adverse childhood experiences (ACEs), including emotional abuse, substance abuse in the household, separation or divorce, physical abuse, violence between adults, mental illness in the household, sexual abuse, or incarceration of a household member, have the potential to profoundly impact health and well-being in adulthood. To assess whether previously reported relationships between ACEs and health outcomes withstand validation, we conducted a community-based ACE study with the unique capacity to link self-reported ACEs and other survey results to validated health data in an electronic medical record (EMR).
Results of the first ACE study published in 1998 demonstrated a clear, graded relationship between the number of ACEs a person reported and several health risk behaviors and diseases. 3 ACEs were found to be strongly interrelated and additive, whereby a person reporting multiple ACEs was likely to report the presence of multiple health risk behaviors during adulthood. As such, an optional ACE module was incorporated into the Centers for Disease Control and Prevention (CDC) Behavioral Risk Factors Surveillance System (BRFSS) questionnaire and results have been reported for several states. 13, 18 The majority of studies published regarding the association between ACEs and adverse health outcomes in adults, including those based on the BRFSS questionnaire, relied largely on self-report or cross-sectional analysis of data captured at a single time point. 7, [10] [11] [12] [14] [15] [16] However, longitudinal follow-up of the original ACE study performed by Felitti et al 3 has allowed for abstraction of additional, validated data related to prescriptions, diseases (e.g., chronic obstructive pulmonary disease, autoimmune disease, lung cancer), and mortality in a subset of more than 15,000 patients. [19] [20] [21] [22] [23] Similarly, population-based Swedish cohort studies have longitudinally linked measurable indicators of childhood household dysfunction with poor mental health outcomes and psychotropic medication use 8, 9 and the long-term British National Child Development Study found a link between ACEs and cancer risk in adulthood as well as premature all-cause mortality. 24, 25 However, no study to date has linked ACE data to comprehensive health data captured over time from a community-based sample. Here, we performed a telephone survey to assess ACEs and other self-reported measures in residents of northern and central Wisconsin with consent to access comprehensive patient data available in an electronic medical record (EMR). Data captured were used to assess whether previously reported relationships between ACEs and adverse health outcomes withstand validation. To our knowledge, this is the first rural, community-based ACE study with the unique capacity to link self-reported ACE survey results with comprehensive, validated health outcomes data in the EMR.
Methods

Population
Information regarding ACEs and health outcomes was captured via telephone survey and electronic abstraction of data from the Marshfield Clinic EMR. Telephone surveys were administered from 2013-2014 to Marshfield Epidemiologic Study Area (MESA) residents 18 years of age and older using a sampling technique representative of the patient population of the Marshfield Clinic, a large, independent, nonprofit clinic providing regional medical care at over 50 locations in northern, central, and western Wisconsin. MESA includes residents of a 24-ZIP code region in northern and central Wisconsin in which the majority of residents choose to receive medical care within the Marshfield Clinic system. 26 MESA consists of approximately 60,000 residents in 14 ZIP codes clustered around the city of Marshfield, Wisconsin, making up MESA Central and an additional approximately 25,000 people in 10 ZIP codes near Park Falls, Phillips, and Ladysmith in northern Wisconsin, making up MESA North. 27 The population is predominantly rural, Caucasian, and considered medically underserved and economically disadvantaged. 27 Potential study participants were identified by randomly selecting MESA residents 18 years of age or older to receive introductory letters followed by telephone calls. Equal numbers of subjects from each MESA region were recruited. Information gathered on all randomly selected MESA residents before study start included name, address, phone number, gender, and date of birth. This initial information was used to compare responders and non-responders at study end. Introductory letters were sent to addresses on file for all potential subjects, and follow-up telephone calls were made by research coordinators to assess willingness to participate. Research coordinators making telephone calls followed a telephone script (Appendix 1, available online) to establish subject identity, ensure study eligibility (not diagnosed with Alzheimer's disease, English speaking, still reside in MESA area), provide explanation of the study, and capture consent to participate before administering survey questions. This study was approved by the Marshfield Clinic Institutional Review Board (protocol #INI10112; 12/12/2012), and informed consent for study participation and access to the EMR was obtained for all participants.
Measures
Telephone survey questions were scripted according to the 2011 BRFSS questionnaire (http://www.cdc.gov/brfss/ questionnaires.htm). 18 Modifications to the questionnaire as written were made in the interest of brevity while ensuring that information relevant to the current study was captured. For study purposes, we used the majority of the core module to garner information regarding behaviors that affect health and questions on demographic characteristics that are not available in the EMR. We also used two optional modules regarding (1) emotional support and life satisfaction and (2) adverse childhood experiences. The complete telephone survey script can be found in Appendix 1 (available online). With respect to questions about ACEs, participants were asked to consider specifically the period of time before they were 18 years of age.
Cumulative exposure to ACEs is measured using the ACE score, which counts each exposure as one point without taking into account the frequency or severity of any given ACE during a person's lifetime. Additional data collected electronically from the EMR for patients who agreed to study participation included most recent height and weight and several chronic health conditions [hypertension, hypercholesterolemia, diabetes, myocardial infarction, heart disease, stroke, asthma, skin cancer, other cancer, chronic obstructive pulmonary disease, emphysema, chronic bronchitis, arthritis or related condition (rheumatoid arthritis, lupus, gout, fibromyalgia, rheumatism, polymyalgia 
Results
A total of 6,514 phone calls were made to enroll 800 subjects with completed telephone surveys: 419 (6.4%) potential subjects had phone numbers out of service; 2,768 (42.5%) were unreachable by the third phone call; 582 (8.9%) were ineligible (diagnosed with Alzheimer's disease, non-English speaking, moved out of MESA areas); and 1,941 (29.8%) declined to participate. A total of 804 (12.3%) subjects consented to participate, 800 of whom completed the entire telephone survey. An equal number of participants who completed the survey came from each MESA region. Those who declined to participate (n = 1,941) were more likely to be male (P = 0.0048) and MESA Central residents (P = 0.0423) compared to those who participated. Age distribution did not differ between responders and non-responders.
Survey respondent demographics are shown in Table 1 . Overall, 62% of participants reported experiencing at least one ACE and 15% reported experiencing four or more ACEs in their lifetime ( Table 2) . Distribution of ACE scores by subject demographics, self-reported health measures, and validated diagnoses are shown in Table 2 . Distribution suggests that respondents age 65 years and older were less likely to report ACEs than younger participants, but there was no difference by gender. Though not significant, as income level increased, the percentage of individuals reporting four or more ACEs progressively decreased (Table 2) . Similarly, significantly more respondents with ACE scores of four or more reported being out-of-work, and a higher proportion of such respondents were also receiving public assistance in the form of Medicaid or BadgerCare rather than private insurance or Medicare (Table 2 ).
All self-reported measures of increased health risk and poor health outcomes were associated with increased ACE score, including lack of emotional support, dissatisfaction with life, poor general and physical health, occurrence of frequent mental distress, limitations caused by mental or physical health issues, smoking, and heavy drinking ( Table 2) . This was consistent with validated findings from the EMR showing a strong positive correlation between mental health outcomes and increasing number of ACEs, including diagnosis of depression or anxiety ( Table 2 ). While a similar relationship was observed for self-reported measures of physical health, it was interesting to note that when ACE score distribution was assessed with respect to health outcomes reported in the EMR, increased body mass index (BMI) and asthma were the only conditions that consistently increased with increasing ACE score. In contrast, diagnosis of hypertension, hypercholesterolemia, myocardial infarction, or skin and other cancers displayed an inverse relationship with ACE score, whereby the percentage of subjects diagnosed with each condition significantly decreased with increasing ACE score ( Table 2) .
Results broken down by individual ACE are shown in Figure  1 . Emotional abuse was the most commonly reported ACE, followed by substance abuse in the household. Age differences in ACE reporting persisted when broken down by individual ACE for all ACEs except incarceration of a household member. In addition, gender differences emerged. Gender differences for individual ACEs were reported for physical abuse (P=0.0022), sexual abuse (P=0.0001), and mental illness in the household (P=0.0076), with female respondents reporting all three ACEs more often than male respondents. This was particularly striking for sexual abuse with 21.1% of females and 10.9% of males reporting sexual abuse during childhood.
Adverse childhood experiences tended to occur in clusters, such that people who reported experiencing at least one ACE were likely to have experienced multiple ACEs. Approximately 24% of adults who experienced at least one ACE had four or more compared to 15% in the general population. Certain ACEs tended to indicate a greater likelihood of other traumatic experiences in childhood (Figure 2 ). The occurrence of four or more ACEs was most common in subjects who reported incarceration of a household member, violence between adults, and physical abuse. However, the presence of four or more ACEs was considerably greater in individuals reporting any ACE than in the overall surveyed population (36.5-61.8% vs. 15.2%, Figure 2 ). Chi-square testing revealed significant relationships between nearly all possible ACE combinations.
To assess whether certain types of ACEs impacted measures of health and well-being differently, ACEs were separated into two categories, including direct abuse (emotional, physical, and sexual abuse) and household dysfunction (mental illness, incarceration, violence, substance abuse, divorce/separation), and the relationship between abuse type and health outcomes were examined (Table 3) . Results were similar to those with ACE score. However, one additional relationship of interest between report of household dysfunction and chronic bronchitis emerged.
Discussion
Adverse experiences during childhood can have a profound impact on health and well-being in adulthood. Recognizing the importance of this relationship, the CDC incorporated an optional ACE module into the BRFSS questionnaire and several states have since published ACE study results using these data. 13, 18, 28 These and other studies of childhood adversity from the US and around the world using a variety of data sources clearly demonstrate that ACEs are linked to poorer social, economic, behavioral, and physical health outcomes in adulthood. [6] [7] [8] [9] [10] [11] [12] [14] [15] [16] In this first community-based study to link self-reported ACEs to comprehensive health measures documented in the medical record, we also demonstrated a link between childhood adversity and poor outcomes in adulthood, but found that for a number of specific medical diagnoses, findings were inconsistent with previous reports.
The uniqueness of the present study is related primarily to its data collection methods and ability to link reports from a community-based population regarding childhood adversity to documented health data captured over time in an EMR. Although BRFSS data and other large cross-sectional surveys allow for population-based assessment, the health outcome measures examined in these cases are self-reported. 7, [10] [11] [12] [13] [14] [15] [16] 18 Conversely, longitudinal follow-up and access to validated medical diagnoses in several other published studies is limited to populations with access to healthcare either via enrollment in a specific insurance plan or through nationalized healthcare programs. 8, 9, [19] [20] [21] [22] [23] [24] [25] Survey respondents in the present study were not limited to those covered by a specific healthcare plan, but did have data captured over time in the EMR of regional healthcare provider Marshfield Clinic, providing a unique perspective amongst published ACE studies.
Despite this unique perspective, the percentage of ACEs reported by survey respondents was remarkably similar to other reports from other US populations assessed. The 62% overall ACE prevalence observed in the Marshfield Clinic catchment area located in northcentral Wisconsin is consistent with prevalence reported elsewhere in the US, ranging from 53% in Arkansas to 65% in Washington. 18 Because ACEs have a clear cumulative effect, with higher ACE scores indicating a greater risk for several health and social problems throughout the lifespan, 3 ACE scores of four or more are of particular concern. The percentage of respondents in the current study who reported experiencing four or more ACEs was also e Over the course of the last month.
f Heavy drinking defined as 5 or more drinks on one occasion for men or 4 or more drinks on one occasion for women in the past 30 days.
MESA, Marshfield Epidemiologic Survey Area; ACE, adverse childhood experience consistent with previous studies at 15%, falling within the reported range of 12% in Louisiana to 18% in Washington. 18 Consistent with previous studies, 13, 14, 28, 30, 31 ACEs were associated with several negative health and social outcomes, including unemployment, use of public assistance for medical care, lack of emotional support, dissatisfaction with life, poor general and physical health, occurrence of frequent mental distress, limitations cause by mental or physical health issues, smoking, heavy drinking, increased body mass index, and diagnoses of depression, anxiety, and asthma. However, some interesting inverse associations between ACEs and specific medical diagnoses were also noted and have not been reported previously. In the current study, ACE score inversely correlated with diagnoses of hypertension, hypercholesterolemia, heart disease, skin cancer, and other cancers, despite previous reports linking these diseases in adulthood to adverse experiences early in life. 24, 25, 28, [32] [33] [34] [35] There are a number of potential explanations for these findings. For example, participants ≥ 65 years of age were much less likely to report four or more ACEs and many of these conditions increase with age. As such, occurrence of diagnosis may be a function of age of the population for conditions such as hypertension, hypercholesterolemia, and myocardial infarction. Given that asthma tends to present at a younger age and there is a clear increase in the proportion of patients with asthma as ACE score increases, this hypothesis is promising. Alternatively, conditions like asthma often necessitate emergency medical attention; whereas, conditions like hypertension and hypercholesterolemia often remain undetected and undiagnosed in a population less likely to receive care. Given the inverse relationship between ACE score and household income and increased likelihood of individuals with ACE scores of four or more to be out-of-work or receiving public assistance for medical care, it may be worthwhile to further investigate the possibility that decreased diagnosis of chronic conditions may be related to underutilization of medical services. Lack of diagnosis and consequent lack of follow-up care for chronic diseases may contribute to the relationship between ACE score and premature death reported by several others. 22, 25, 32 Finally, it is worth considering the potential for resilience to adversity in the population, as described further below.
That ACEs impact well-being in adulthood is well understood, but not all individuals who experience adversity in childhood suffer the negative consequences. Resilience to adversity was once considered an innate trait of exceptional individuals, but more recent evidence suggests that resilience resources and well-timed interventions to promote resilience can ameliorate the negative effects of ACEs by promoting individual coping skills. [36] [37] [38] [39] [40] [41] Given that healthcare systems serving rural populations have long struggled to implement evidence-based practices for traumatic stress in childhood, 42 the potential role of resilience in mediating the observed inverse relationships between ACEs and certain diseases presents an interesting prospect that, along with other alternative explanations for the inverse relationships between ACEs and specific diagnoses observed here, warrants further investigation. Tools for measuring resilience are becoming increasingly available and results following employment in various populations will undoubtedly prove interesting. 43 The notion of how different types of ACEs affect future health outcomes is of great interest. For example, emotional abuse during childhood was reported by 38.8% of survey respondents, considerably higher than any other report to date, ranging from 11% in the southern California Kaiser Permanente study published by Felitti et al 3 in 1998 to 34.9% in the state of Washington as published by the CDC in 2010. 18 Even in the statewide Wisconsin survey, emotional abuse was reported by only 29% of participants. 13 How this high rate of emotional abuse might impact our specific population is of great interest. However, the data presented here suggest that little difference can be gleaned by separation of ACEs into categories of direct abuse and household dysfunction. In doing so, only a relationship with chronic bronchitis and household dysfunction emerged. Given that the two categories examined, namely direct abuse and household dysfunction, are not mutually exclusive and the propensity for ACE co-occurrence, it is perhaps not surprising that meaningful differences were not observed. All ACEs cause toxic stress, and it is this milieu, influenced by the number of ACEs experienced rather than type, that ultimately results in negative outcomes without appropriate early intervention and development of resilience. 2 While previously reported ACE studies have been linked to validated outcomes, such as diagnoses and prescription records, this is the first study to link self-reported ACEs from a community-based population to comprehensive clinical data on health outcomes. The accuracy of medical data captured by self-report can be questionable, and sampling from amongst an insured and/or healthcare seeking population is unlikely to be completely representative of a population. The results presented here combine both broad sampling from within the community and data from a validated EMR to confirm findings from previous studies related to the relationship between ACE and poor mental and physical health outcomes in adulthood, while also demonstrating interesting inverse relationships between ACEs and diagnoses of hypertension, hypercholesterolemia, myocardial infarction, and skin or other cancers. Further exploration of the inverse relationships between ACEs and important clinical diagnoses in this population would be particularly interesting. Of course, as with other ACE studies, we are still reliant on self-report for documentation of ACEs and may not have considered all potential ACEs, as we used only those described by the BRFSS questionnaire. Future longitudinal studies following individuals with documented ACEs over time, direct comparison of ACE-related outcomes in rural and urban populations, or expanded consideration of what constitutes an ACE are warranted. h Heavy drinking defined as 5 or more drinks on one occasion for men or 4 or more drinks on one occasion for women in the past 30 days.
ACE, adverse childhood experience
